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Abstrat
The quantum eletrodynamial (QED) short wavelength orretion on plasma wave
propagation for a non-relativisti quantum plasma is investigated. A general dispersion
relation for a thermal multi-omponent quantum plasma is derived. It is found that the
lassial dispersion relation for any wave mode an be modied to inlude quantum
and short wavelength QED eets by simple substitutions of the thermal veloity
and the plasma frequeny. Furthermore, the dispersion relation has been modied
to inlude QED eets of strong magneti elds. It is found that strong magneti
elds together with the short wavelength QED orretion will indue dispersion both
in vauum and in otherwise non-dispersive plasma modes. Appliations to laboratory
and astrophysial systems are disussed.
1 Introdution
There is urrently a great deal of interest in quantum vauum eets (see e.g. Refs. [110℄
and referenes therein for an up-to-date seletion) as well as in non-relativisti quantum
plasma systems [1123℄, starting from e.g. the Shrödinger model of the eletron [24,25℄ or
the Pauli equation [26, 27℄. Using a theory based on non-relativisti quantum mehanis,
there have been studies of a wide range of plasma wave phenomena [13, 15, 16, 18℄ as well
as astrophysial appliations (e.g. Ref. [17℄). In relativisti quantum theory, some of
the literature has been motivated by the rapid progress in experimental tehniques [2830℄
suggesting experiments for dierent vauum polarization eets, [24,7,3138℄ (see also Ref.
[9℄ for a disussion). For example, in Refs. [2,7,31,32,3438℄ suggestions for experimental
setups to verify photon-photon interation are given, inluding the use of strong lasers (e.g.
Ref. [2℄) and dense plasma olumns [36℄. New experimental results have been presented
in for example Ref. [3℄, whih reports a hange in polarization of light traveling through
a strong magneti eld (see also Refs. [4, 10℄ for further disussions). Other examples are
Ref. [39℄ whih reports eletron-positron pair prodution due to a intense eletromagneti
eld interating with high frequeny photons, and Ref. [40℄ whih investigates non-linear
Compton sattering. There are also studies of theoretial and/or observational nature
[5, 6, 4154℄, whih nd appliations in high intensity laser systems [5, 6, 51, 52℄ and in
astrophysis [4150, 53, 54℄. For quantum plasma dynamis, a set of eetive marosopi
eld equations may be derived from the mirosopi equations of motion for the relevant
partiles using a range of tehniques [24, 25, 28℄. Suh eetive models an be very useful
when trying to understand some of the many olletive eets that may our in suh
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systems, and an also give an indiation on when one an expet marosopi phenomena to
arise from the quantum realm. Astrophysial environments exhibit many extremes [55,56℄,
e.g. magnetars [57℄, and as suh onstitute interesting areas of appliations for quantum
vauum physis as well as relativisti quantum plasmas. For suh appliations there have
been a number of studies of relativisti quantum plasmas, e.g. Refs. [5861℄. Indeed, in
order to properly investigate suh extreme systems, a quantum eld theoretial basis that
inorporates ertain quantum vauum eets is desirable.
Here, we will investigate the eets on non-relativisti quantum plasmas due to short
wavelength orretions from quantum eletrodynamis (QED). Suh ombined eets are
indeed ompatible, as the short wavelength orretions do not neessarily imply relativis-
ti partile motions. In Setion 2 we present the weak eld short wavelength orreted
Maxwell's equations and derive a quantum orreted uid model of the plasma. These
modied equations are used in Setion 3 to derive a general dispersion relation for any
plasma mode in a thermal multi-omponent plasma. The possibility of designing experi-
ments where some of the above eets ould be deteted is of great fundamental interest.
Suh senarios are disussed in Setion 4. Furthermore, the quantum eld theoretial or-
retion due to strong magneti elds, relevant to astrophysial environments, is disussed
in Setion 5 where the general dispersion relation is modied to also inlude suh eets.
In partiular, we derive the dispersion relations for the possible plasma modes in environ-
ments similar to those in the viinity of magnetars and pulsars. Finally, in Setion 6 we
summarize our results.
2 Governing equations
2.1 Eletromagneti eld equations
The rst order QED eets an eetively be modeled through the Heisenberg-Euler La-
grangian density [62, 63℄. This Lagrangian desribes a vauum perturbed by a slowly
varying eletromagneti eld. The eet of rapidly varying elds an be aounted for by
adding a derivative orretion to the Lagrangian [64℄. This orretion is referred to as the
derivative QED orretion or the short wavelength QED orretion. Sine the QED eet
of eletron-positron pair reation is not inluded in this model, the eld strength must be
lower than the ritial eld strength, E
rit
≡ m2ec3/~e ≈ 1016 V/cm−1, and the frequeny
must remain lower than the Compton frequeny ωe ≡ mec2/~ [28, 65℄. Here me is the
eletron mass, c is the speed of light in vauum, e is the elementary harge and ~ is Plank's
onstant. The Heisenberg-Euler Lagrangian density with the derivative orretion reads
L = L0 + LHE + LD
=
ε0
4
FabF
ab +
ε20κ
16
[
4
(
FabF
ab
)2
+ 7
(
FabF̂
ab
)2]
+ σε0
[(
∂aF
ab
)
(∂cF
c
b)− FabF ab
]
,
(1)
where L0 is the lassial Lagrangian density, while LHE represents the Heisenberg-Euler
orretion due to rst order strong eld QED eets, LD is the derivative orretion,
 = ∂a∂
a
is the d'Alembertian, F ab is the eletromagneti eld tensor and F̂ ab = ǫabcdFcd/2
where ǫabcd is the totally antisymmetri tensor. The parameter κ = 2α2~3/45m4c5 gives
the nonlinear oupling, σ = (2/15)αc2/ω2e is the oeient of the derivative orretion and
2
α = e2/4π~cε0 is the ne struture onstant, where ε0 is the free spae permittivity. We
obtain the eld equations from the Euler-Lagrange equations ∂b [∂L/∂Fab] = µ0ja [66,67℄,
(1 + 2σ) ∂aF
ab = 2ε0κ∂a
[(
FcdF
cd
)
F ab + 74
(
FcdF̂
cd
)
F̂ ab
]
+ µ0j
b, (2)
where ja is the four-urrent and µ0 is the free spae permeability.
For the remainder of this manusript we will investigate low-amplitude linear wave
perturbations in a magnetized quantum plasma. The strong eld QED term proportional to
κ
(
FcdF
cd
)
F ab then ontributes with a term that is quadrati in the unperturbed magneti
eld B0, and linear in the wave perturbation. However, due to the smallness of κ suh
a term does not beome dynamially important unless the unperturbed eld strengths
approahes B0 ∼ 108 − 1010 T, i.e. in pulsar or magnetar environments. An example of
suh eets will be onsidered in the end of setion 5, but until then the strong eld QED
eets will be omitted. Following Ref. [68℄ we will keep the derivative QED orretions
proportional to σ. This is a natural approah provided cB0/Ecrit ≪ ω/ωe, where ω is a
typial frequeny of the eld. The orresponding soured Maxwell equations resulting from
the derivative orreted eld equation then beome[
1 + 2σ
(
− 1
c2
∂2
∂t2
+∇2
)]
∇ · E = ρ
ε0
, (3)
[
1 + 2σ
(
− 1
c2
∂2
∂t2
+∇2
)](
∇×B− 1
c2
∂E
∂t
)
= µ0j, (4)
and the soure free Maxwell equations are ∇ ·B = 0 and
∇×E = −∂B
∂t
. (5)
Here j =
∑
s qsnsus is the urrent density, ρ =
∑
s qsns is the harge density, the index s
denotes the speies of partiles onsidered, qs is their harge, ns is the partile density and
us is the partile veloity.
2.2 Partile equations of motion
The plasma an be desribed by a model whih aptures some of the quantum properties
of the plasma partiles. We here follow Ref. [24℄, where the partiles are desribed by the
statistial mixture of N states ψi, i = 1, 2, . . . , N . The index i sums over all partiles
independent of speies. The one-partile states satisfy the Shrödinger equation, whih for
eah state reads
i~
∂ψi
∂t
= − ~
2
2mi
∇2ψi + qiφψi, (6)
where mi and qi are the mass and the harge of the partile respetively. The equations
are oupled by Poisson's equation
∇2φ = − 1
ε0
N∑
i=1
qipi|ψi|2 (7)
where pi is the oupation probability of state ψi. This model amounts to assume that all
entanglement between partiles are negleted. To derive a uid desription we make the
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ansatz ψi =
√
ni exp(iSi/~) where ni is the partile density, Si is real, and the veloity
of the i'th partile is ui = ∇Si/mi. Next we dene the global density and veloity for
partiles of speies s as ns =
∑
j pjnj and us =
∑
j pjnjuj/ns, where j runs over all
partiles of speies s. Inserting this into equations (6) and (7), and separating the real and
the imaginary part, we obtain the ontinuity equation
∂ns
∂t
+∇ · (nsus) = 0, (8)
and the momentum equation
∂us
∂t
+ (us · ∇)us = qs
ms
E− 1
msns
∇P + ~
2
2m2s
∇
(
1√
ns
∇2√ns
)
. (9)
Here we have made the substitution
∑
j pj(∇2
√
nj)/
√
nj → (∇2√ns)/√ns, whih is valid
for length sales larger than the Fermi length λFs ≡ vFs/ωps, where vFs ≡ ~
(
3π2ε0ω
2
ps/m
2
sq
2
s
)1/3
and ωps ≡
√
q2sn0s/ε0ms is the Fermi veloity and the plasma frequeny of speies s. We
stress that the pressure term ontains both the fermion pressure, PFs, and the thermal
pressure, Pt.
This model an be extended to inlude non-zero magneti elds, by starting with a
Hamiltonian whih inludes the vetor potential. In the resulting model [14℄, the ontinuity
equation (8) is unhanged, and the momentum equation (9) beomes
∂us
∂t
+ (us · ∇)us = qs
ms
(E+ us ×B)− 1
msns
∇P + ~
2
2m2s
∇
(
1√
ns
∇2√ns
)
. (10)
3 The general dispersion relation
Our next aim is to study the linear modes of the system desribed by eqs. (4), (5), (8) and
(10). We linearize and Fourier deompose these equations and let n0s represent a onstant
unperturbed partile density while n1s denotes a density perturbation. Furthermore, the
unperturbed veloity is put to zero and from now on us denotes the wave perturbed
veloity. For long wavelengths, suh that ~k/m ≪ vF ≪ ω/k, the pressure term in eq.
(10) an be written as (1/msns)∇ (Pts + PFs) = (1/n0s)
(
v2ts +
3
5v
2
Fs
)∇n1s [24℄, where
we have negleted the thermal pressure that partiles of dierent speies exert on eah
other. Here, k is the perturbation wave number, ω is the perturbation frequeny and vt is
the thermal veloity. The pressure term and quantum orretion in eq. (10) an now be
olleted into an eetive term with an eetive wavenumber dependent veloity Vs,
V 2s ≡ v2ts +
3
5
v2Fs +
~
2k2
4m2s
. (11)
Below, the olletive thermal and quantum eets desribed by V will sometimes be re-
ferred to as eetive thermal eets. We dene the z-axis to be along B0 and the y-axis to
be orthogonal to k, suh that B0 = B0zˆ and k = kxxˆ+ kz zˆ ≡ k⊥xˆ+ k‖zˆ. Now use eq. (8)
to express n1s in terms of us, and insert this result into eq. (10). Next we rewrite eq. (10)
in the form σ
−1
s · us = E, and nd σs suh that us = σs · E. Using this result together
with eq. (5), we an then rewrite eq. (4) in the form D ·E = 0 where
D ≡ I+
 −n2‖ 0 n⊥n‖0 −n2 0
n⊥n‖ 0 −n2⊥
+∑
s
χs, (12a)
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and
χs =

−ω
2
ps(ω
2−k2
‖
V 2s )
(1−ζ)ω4
Vs
−iω
2
psωcs(ω
2−k2
‖
V 2s )
(1−ζ)ωω4
Vs
−ω
2
psk⊥k‖V
2
s
(1−ζ)ω4
Vs
i
ω2psωcs(ω
2−k2
‖
V 2s )
(1−ζ)ωω4
Vs
−ω
2
ps(ω
2−k2V 2s )
(1−ζ)ω4
Vs
i
ω2psωcsk⊥k‖V
2
s
(1−ζ)ωω4
Vs
−ω
2
psk⊥k‖V
2
s
(1−ζ)ω4
Vs
−iω
2
psωcsk⊥k‖V
2
s
(1−ζ)ωω4
Vs
−ω
2
ps(ω
2−k2⊥V
2
s −ω
2
cs)
(1−ζ)ω4
Vs

. (12b)
Here I is the identity matrix,
∑
sχs is the short wavelength QED and quantum orreted
plasma suseptiblitiy, ωcs ≡ qsB0/ms is the gyrofrequeny,
ζ ≡ 2σ
(
ω2
c2
− k2
)
= −2σω
2
c2
(
n2 − 1) , (13)
gives the derivative QED orretion due to rapidly varying elds, n⊥ ≡ k⊥c/ω and n‖ ≡
k‖c/ω is the index of refration orthogonal respetively parallel to the magneti eld suh
that n =
√
n2⊥ + n
2
‖ is the total index of refration, and we dene
ω4Vs ≡
(
ω2 − k2⊥V 2s
) (
ω2 − k2‖V 2s
)
− ω2cs
(
ω2 − k2‖V 2s
)
− k2⊥k2‖V 4s . (14)
Setting the determinant of D equal to zero gives the dispersion relation for all plasma
modes. From expression (12b) it beomes transparent that the dispersion relation for any
lassial plasma mode an be modied to inlude the quantum orretion by making the
substitution
vts → Vs, (15a)
and the short wavelength QED ontribution an be inluded by making the substitution
ω2ps →
ω2ps
1− ζ . (15b)
Note that the substitution of ωps should not be made within the expression for vFs.
In order to demonstrate the usefulness of our results (15a) and (15b) and verify their ap-
pliability, we ompare with previous results. As is well known, the lassial dispersion rela-
tion for ion-aousti waves with zero ion-temperature reads ω/k = vte/
√
1 + k2v2teme/mi,
where indies e and i denotes eletron and ion, respetively. Making the substitution
(15a) in the lassial expression immediately give the dispersion relation (23) of Ref. [13℄.
Furthermore, the lassial dispersion relation for almost perpendiular propagating eletro-
stati ion-ylotron waves reads ω2 = ω2ci + k
2
⊥v
2
teme/mi. Again, making the substitution
(15a) in the lassial formula we obtain agreement with the dispersion relation (13) in
Ref. [22℄ in the appropriate limit.
Moreover, the lassial zero temperature dispersion relations for plasma osillations
ω2 = ω2p, eletromagneti waves in an unmagnetized plasma ω
2 = k2c2 + ω2p, eletromag-
neti waves propagating parallel to an external magneti eld (ω±ωc)(ω−k2c2/ω)−ω2p = 0,
and extraordinary waves (ω2p − ω2)(ω2p + k2c2 − ω2) + ω2c (k2c2 − ω2) = 0, all give agree-
ment with orresponding relations in Ref. [68℄, when substitution (15b) in the lassial
expressions.
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4 Laboratory appliation
It would be of great fundamental interest if the quantum or derivative QED eets ould
be deteted in experiments. Firstly, we will be onerned with the possibility of deteting
the derivative QED ontribution in the laboratory. To single out the small dispersive QED
eets from the general dispersive eets of a plasma requires detailed knowledge of the
plasma parameters for an experiment to be onlusive. We now investigate whether it
may be possible to detet the short wavelength QED eets by studying how the index
of refration sales with frequeny lose to a plasma resonane, rather than trying to
determine the atual phase shift aused by the derivative QED orretion. For this purpose,
assume that we let several laser beams with slightly dierent frequenies pass lose to eah
other through the same plasma olumn in suh a way that all beams experiene the same
plasma density perturbations. In this way, preise knowledge of the plasma density prole
is not neessary for interpreting the results. The phase shift due to the dierene in optial
path length between a beam passing through the plasma olumn and one that does not
pass through the plasma olumn an be measured with high preision [69℄. How the index
of refration sales with the frequeny an be estimated by omparing the phase shifts of
the dierent laser beams.
Sine the short wavelength QED eet is enhaned for large wavenumbers, see Ref. [68℄,
one of the most interesting modes when onsidering the derivative QED orretion is the
extraordinary mode (X-wave). The lassial dispersion relation for an X-wave in a thermal
eletron plasma reads
n2 = 1− ω
2
p
ω2
(
ω2 − k2v2t − ω2p
)(
ω2 − k2v2t − ω2c − ω2p
) . (16)
We inlude the quantum and the derivative QED ontributions, by making the substitu-
tions given in (15a) and (15b). The index of refration to the lowest non vanishing order
in σ and V then beomes
n2 ≈ 1− 1
ω¯2
(
ω¯2 − 1)
(ω¯2 − ω¯2c − 1)
+
σ¯
ω¯2
((
ω¯2 − 1) (ω¯2 − 2)
(ω¯2 − ω¯2c − 1)2
+
(
ω¯2 − 1)2
(ω¯2 − ω¯2c − 1)3
)
+
+
V¯ 2
ω¯2
(
ω¯2
(ω¯2 − ω¯2c − 1)
− ω¯
4 − 1
(ω¯2 − ω¯2c − 1)2
+
(
ω¯2 − 1)2
(ω¯2 − ω¯2c − 1)3
)
+O(σ¯2, V¯ 4), (17)
where the parameters have been normalized aording to
σ¯ ≡ 2ω
2
p
c2
σ, V¯ ≡ V
c
, ω¯ ≡ ω
ωp
and ω¯c ≡ ωc
ωp
. (18)
Here we have disregarded the k-dependene of the eetive thermal veloity and treated
V as a onstant. The lassial dispersion diagram for an X-wave has been illustrated in
Fig. (1). The derivative QED ontribution and the eetive thermal ontribution given in
eq. (17) has been illustrated separately with σ¯ and V¯ normalized to one.
For an X-wave lose to plasma resonane, eq. (17) shows that the leading term in
the derivative QED ontribution to the index of refration has a ubi dependene on the
resonane term,
(
ω¯2 − ω¯2c − 1
)−1
, in ontrast to the lassial ontribution whih is linear
in this term. For detetion to be onlusive, the thermal eets must be muh smaller than
6
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Figure 1: The derivative QED orretion (dashed line) and the thermal and quantum
orretion (solid line) to the index of refration, n, for an X-wave (dash-dot line). Here,
σ¯ and V¯ are both normalized to one and the magneti eld strength is hosen so that
ω¯c = 0.5 in Fig. 1a), ω¯c = 0.2 in Fig. 1b) and ω¯c = 0.05 in Fig. 1c)
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the derivative QED eets in the regime of detetion. Unfortunately, the leading term for
the thermal ontribution has the same form as that of the derivative QED ontribution.
This gives us the ondition V < ωp
√
2σ, whih must be fullled for the thermal eets to
be smaller than short wavelength QED eets lose to a plasma resonane. Even if the
plasma temperature is low, the Fermi veloity (∝ ω2/3p ) will always remain greater than
ωp
√
2σ for laboratory plasma densities. Thus, derivative QED eets will be negligible
ompared to the eetive thermal eets in all laboratory plasmas.
Even if we allow for higher densities, we an still expet the short wavelength QED on-
tribution to be negligible. Moreover, are has to be taken sine high plasma densities may
imply a relativisti Fermi veloity, while we in our model have assumed a non-relativisti
plasma. In ontrast to being lose to resonane, we next onsider a regime far from res-
onane. In partiular, we require ω¯ ≪ 1. For ω to be greater than the uto frequeny
while the ondition ω¯ ≪ 1 is satised, we must require ω¯c ≫ 1. The leading term of
the thermal ontribution and the derivative QED orretion in (17) approximately be-
omes V¯ 2/ω¯4c ω¯
2
and 4σ¯/ω¯4c ω¯
2
, respetively. Hene, the ondition under whih the short
wavelength QED ontribution is greater than the eetive thermal ontribution beomes
approximately V < ωp
√
4σ. Thus, derivative QED eets will be negligible ompared to
eetive thermal eets also in this regime.
One ould in priniple try to use the same tehnique outlined above to detet the
dispersive eets due to the quantum orretion. With the quantum orretion inluded,
the eetive veloity V 2, should be written as
V 2 = v2 + n2
~
2ω2
4m2c2
, (19)
where v2 = 35v
2
F + v
2
t . In order to get a phase shift due to the quantum ontribution of
approximately π in a 10 m long plasma olumn with a plasma frequeny in the infrared
regime (ωp ≈ 1014 Hz), v¯ = v/c must be smaller than 10−7 for the quantum orretion
to be the leading eet. The Fermi veloity alone gives a muh greater ontribution at
these densities, vF /c ≈ 10−4. Furthermore, the thermal eet removes the resonane
in the dispersion diagram at high temperatures. In this regime, the quantum orretion
onsequently strethes aross the resonane as an be seen in Fig. (2).
5 Strong eld QED eets
Another interesting regime is that of extreme magneti elds. In the viinity of magnetars
and pulsars, the magneti eld B0 an reah 10
10 − 1011 T lose to the surfae. Returning
to the full wave equation (2) aounting for strong eld eets, we note that the term
proportional to κ ontributes with terms that are linear in the wave eld and quadrati
in B0. Following Ref. [70℄ we nd that the tensor in expression (12a) an be modied to
inlude the QED eet of strong magneti elds by adding the orretion
χ
QED
= −4 ξ
1− ζ
 1− n2‖ 0 n⊥n‖0 1− n2 − 2n⊥ 0
n⊥n‖ 0 −52 − n2⊥
 , (20)
where ξ ≡ κε0c2B20 = (α/90π)(cB0/Erit)2. In magnetar environments with extreme
magneti elds we expet the presene of a eletron-positron plasma [55℄. Assuming ne0 ≈
8
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Figure 2: The quantum orretion to the index of refration for an X-wave at dierent
values of v¯. The plasma frequeny is in the infrared regime (ωp = 10
14 Hz) and the
magneti eld strength is 1 Tesla (ω¯c = 0.001).
np0 as well as ωp, ω ≪ ωc, the (1 : 2),(2 : 1),(2 : 3) and (3 : 2) elements of expression (12b)
are small and an be negleted. The dispersion relation for a plasma in a strong magneti
eld where strong eld QED and short wavelength QED orretions are inluded an now
be derived from expression (12a) with expression (20) added. We nd that the dispersion
relation separates into two modes,
(
1− n2) (1− ζ − 4ξ)− 8ξn2⊥ + ω2p (ω2 − k2V 2)
ω2c
(
ω2 − k2
‖
V 2
) ≈ 0 (21a)
and (
1− n2) (1− ζ − 4ξ)−
−14ξ + ω2p(
ω2 − k2‖V 2
)
(1− n2‖) ≈ 0, (21b)
where ω2p = ω
2
p,e+ω
2
p,p. Terms proportional to ω
2
p/ω
2
c in the seond mode has been dropped,
and ξ ≪ 1 is assumed. Eqs. (21a) and (21b) generalized the dispersion relations derived in
Ref. [70℄ to aount for quantum and thermal eets, as well as QED derivative orretions.
We note that if we let ζ → 0, the group veloity of the mode (21a) beomes a onstant
in the zero temperature limit, whereas a nonzero ζ implies dispersive propagation. While
the dispersive eets are small for most part of the spetrum, we note that for frequen-
ies approahing the Compton frequeny ωe together with eld strengths approahing the
ritial eld E
rit
, dispersion may be appreiable. Stritly speaking, radiation with ω > ωe
propagating in external elds with cB0 > Erit lies outside the validity of our model, and
the dispersion relations (21a) and (21b) may thus not be entirely aurate in this regime.
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Nevertheless, our results here show onviningly that suh eletromagneti wave propaga-
tion must be signiantly dispersive. For high intensities, radiation in pulsar and magnetar
environments with the above properties give raise to eets suh as pair prodution and
photon splitting (see e.g. Ref. [61℄ and referenes therein). The ompetition between these
two types of proesses may determine the pair-plasma density [71℄ in the viinity of the pul-
sars and magnetars, and thereby have observable onsequenes. Normally, suh eets are
desribed without aounting for the dispersive wave properties [41, 54℄, but we onlude
here that our above results indiate that wave dispersion an play a role in this ontext.
6 Summary
In this paper we have investigated how the derivative QED orretion and the quantum
orretion aets plasma wave propagation in a multi-omponent thermal plasma. We have
derived the generalized dispersion relation for all plasma modes. Speially, it is found
that the dispersion relation for any lassial plasma mode an be modied to inlude the
quantum ontribution and the derivative QED orretion by simple substitutions of the
thermal veloity and the plasma frequeny aording to (15a) and (15b). Furthermore, the
QED eet of a strong magneti eld has also been inluded in our plasma desription.
We have also investigated the diulties with detetion of the short wavelength QED
orretion and the quantum orretion. It is found that dispersive eets due to the Fermi
veloity in plasma wave propagation will dominate in laboratory regimes. We onlude that
the detetion of the short wavelength QED orretion or the quantum orretion to the
dispersion relation in laboratory plasma regimes is diult. However, there may perhaps
be ways around these partiular problems.
Finally, we point out that there may exist astrophysial environments where strong eld
QED eets an be of importane. In partiular, magnetars and pulsars oer environments
with extreme magneti elds. We have derived the dispersion relations for the two plasma
modes likely to dominate in these environments. The short wavelength QED eet will
give rise to dispersion in wavemode (21a) whih otherwise would be dispersionless in the
zero temperature limit. Furthermore, strong magneti elds will indue dispersive eets in
vauum. This is a unique property arising from the short wavelength QED orretion. The
dispersion an be signiant for eld strengths lose to or above the ritial eld strength.
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